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[57] 



ABSTRACT 



An echo canceler for canceling echo components of a 
send-input signal, includes an analysis filter bank for divid- 
ing the send-input signal into a plurality of subband send- 
input signals. A receive-signal is also divided into a plurality 
of subband receive signals. Each of the subband receive 
signals is convolved with an impulse response function 
pertaining the echo path coupling the receive signal to the 
send-input signal within each subband. The convolutions 
yield a plurality of estimated echo signals, which are then 
each subtracted from the corresponding subband send-input 
signal, to produce a plurality of error signals. Residual echo 
components within the error signals are attenuated by a 
variable attenuator in response to a comparison of relative 
levels of corresponding subband send-input Signals, sub- 
band receive signals and the error signals. A noise compo- 
nent is injected into each attenuated error signal in order to 
compensate for attenuation of background noise incidental 
to the variable attenuation of the error signals. The ampli- 
tude of the noise components are each determined indepen- 
dently on the basis of an estimated noise content of the 
subband send-input signals and in accordance with the 
applied attenuation within each subband. The attenuated and 
noise-compensated error signals are combined by a synthe- 
sis filter to provide a send-output signal. 
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[57] ABSTRACT 

A telecommunication signal processor includes a noise 
compensation system for preventing undesirable spectral 
modulation of the noise component of a telecommunication 
signal subjected to a process wherein subband portions ol 
thi signal are variably attenuated, A noise component is 
injected into each attenuated error signal in order to com- 
pensate for attenuation of background noise incidental to the 
S Attenuation of the subband signals. The amplitude 
of the noise components are each determined mdependentiy 
on the basis of an estimated noise content of die original 
subband signals and in accordance with the applied attenu- 
ation within each subband. The attenuated and non- 
compensated subband signals are combined by a synthesis 
filter to provide a send-output signal. 
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^ttJttfcKl#^t? (quiet), 319— «#«ltt5£Wii5V^J^oae^=3 — J: <9J5£o 



(16) #^2 0 0 0-5 0 2 5 2 0 

Sfcfcfc:, MSt^^ 6 0 ^iSluisH t A T T t^C ^^/l' A T 

^XSi«Hf ^lATT max J; < *5^Xfif U< ^5*t^© 

mft (increment) ^ ^ taotUfftS r £tf5-e#5 0 S^fCt 5 £ 

51', EAVG^SAVG«#J^ttfc5i^ £?^L<tt, EAVG^ 
^12 d B^±SAVGJ:^SV^tl«, iSW^f^yS 8^*5^ 

f^fi^t)^ (prevail) -t?«^V\ 9 0 7^J& £ ^c^tte, EA 

VGIiRAVG+/M7ti/ h (small offset) <t >9 fc* «? * < ft < ^ EAVGIi 
SAVG©12dB«*S„ ^<7>£ 9 ft^-efi, EAVG(itt»§^ 
xn-M^fLS S AVGtf ^SStSo Itx EAVG^RAVGiJtK 
LtMl^^^XliEAVGi 

T T min lCigi-§ O t+#ftD&£ (decrement) T?«Sc ^RK: r- ~ ^ 

(double-talkcondition) tfSflB&"e & B5>^<^^ 3 *~ * s afi*H 

•^is^p^tbs^t bttftv\ ^uft^b, wmmm-t&wu^ K^-ov^m- 

jkfe£th%(DX\ p-fAs h — ? tp<Dmitit ^rt^it it -^(send-in and receive-i 
n signals) t (Df^^^MK)^^? b^MW: (spectral variation) COTcfe^M^H 

Wc&ktm&om w</w^«£*t&j£5^i/ K7)s#^-r^ 0 jE(-, ^fraSfS'ff (n 

ear-end speech signal) <k 3s^alfS'ff "^"(far-endspeech signal) fif&SlLfBgllKl 
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n signal) \Z.W&rt &o #Cl^ ^<7}#J#{f ^^^tiftl^ (variable gain am 
plifier) 6 4 tcH^S (control input) t bT^#ti"5o ^7HftERn?ri| 

ntermediate output signal) I On t bT^^frl/rV^^^^tlTc:^ — {f#^T 
t^ifjg^ 6 4(7?t±S^^— 5^-/K-*5V^T^^$-fr6o 7 4 5 6 a ~ c <Z)#* 

^•^c^A^ff -§-<»igi|JS i Ei;bfiJ b&l^/ ^ if n ^pi^ff^ (nonzero-mean signal) 

&m4£irZ)M:ifcfflfcte^^xte, ^-y— it ^<z>jgit>g£r^ff-f si-^^^Hi^ 

^^^MMXi-iMWn^-^—^ (linear or logarithmicscale) t^i^S fc#>C0^ 
(conversion means) i 5 r. £ & 0 Mx. 

tf, SAVG, E AVG.K.TJ*R A V G ^)^^ ^tb¥^¥^"fl£ (moving average sq 
uarevalue)£r^A,-ei^#-^-Si, ^HifcOSp;*?^^ U ±f ^ 6 2 }-}g 
fflt5ri^tt5 0 $r^b<fi, «i-3#n<^ *P»ii*I^S6 2<DtB^$r« 

#!ib-c^— f&-i-Sr*i#i-t-«o 1 7 - ft t ©f»i y ; ^ tits t »i 
^^5t4WtMt&*5<t5 ft; << xtm&7&i&v>wfo&&s&to\^x 

^•(compensating noise component) ^ T !7 h ^ V Kfl# (outbound signal)^ 
-O^m^ hir&fctfXD / 4 XRf^ ^-^^^^3 (noise determina 

tion and injection system) T^ilf X. ?b tfC V ^ 0 Mflt/ ^Efc3H*> ^L<» 

ffi^f-^-rt-e— ^<7)/^xi^/i^*t*rr5-<< > ^^tbfc^H^^^j-b 
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5 * to m & ^fbt^m^-t(D m& (Ditm^mt)^-^^ tvx n&fm 

;^fXy-^5 6 tt, — SLIMS (a series of pseudo-random numerical 

values) £r 5 fc#>tf>^y m^-Sr* t> J: < , ^MlSUMttte* 

3R^-d»P>1SaiW^lHllR (retrieve) £*t5o /^fXflfNS©^ h/W*. 
#f£ Lv^iJ^^ K#BS:*§IS7 9 y h(flat)/«ct><OTf*>S^s^bV\ 
/fX^fNSfJA^i L"Cora5ffJ#ii©* (variable gain amplifier) 6 8 
fit£tt£ 0 ig#g&6 8(Z?flJ#tt, Jl^if^fea^ h ci — ^ (noise factor controll 

er) 7 oKx^xmrn^mmzthzm^wt 

NFiaot^y h o-;V^5„ 6 8 UN F&tfN S ^r±^^P £it:TfHffi 

/^Xft# (estimated noise signal) N E £it\ WJ:H«N 

ip^-frtii^y-i'x-r y-^^^a ^fs#N i n j &&£.&-&z>ftit>i^ mmm7 

Wf-^-N I N J te^tU-ioT^lffi^f-^ I On £ Jfctfc LTigfcaEPStbSo 

^ot, / ^ y ^ ^ a yft tN i n j mm^Q 4iaotis^ 

Wt-^-N I N J ftv #«:7°ni?;y1r3 6©^ff^WffOCn«^ 

(M^«\ tmmmm7 4i:±ot) witriwt ioni^oi 

X^^H^OIE^M^: (sinusoidal function of a DC level minus the attenua 
tion factor) t L"C3frffc£*bft5o ^<^^^ «tB»0ii/2^ 
IWSr^kS-frb^ D C W-<^^ ?t / 2 $tlfci^(-il, ii««6 2t!lJ: 
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t5„ ££oT, ^m^it-^/^Xl*!^ (noise content) t 7 A XV l/*?=c ? 

^ 3 >-m^t<D^m<Dm*-'£(D^x&'9, otitis roo^siio^v^ 

fffCOfP©- (power level) <Sr*t^ UT V ^ § #ctl-Cfe 5 Q 

^fa^/^-¥^Hf^-SCnC0y^X^«, SAVG, EAVG©|i>Pl-fti 
/ ^Xrt^(D*S^it (estimate) i^S<5V>-C, 7 -Y XHftn ^ h n — 7 7 OiCj; 

{jt©^»)TO£A7Mf-*|-NAVG £ Lt/Y»3yhP-7 7 0 tifttS 

(averaging f liter) 36SgHfc<* *VCV^ 0 0 £ LV^ftW^^-Cte, /YXH* 
D]WI7T^10 0T% /^XStayfn-y^NAVG, EAVGW 

0 2 ^joV^T, y^XHfny b n — 7 «N A V G (Dftfrftt^ E A 
VG <£ 9;7C#l^ ; S : 7>£$:^-r ; 5o NAVG^E AVG i D TC^^i^ti^ / 

H^[3^ b n — 7(4^77^1 0 6 ^ittPo 

^ryyi 0 4tfeV>t, /YXHfll 0fS©HtG< lfctt^Cfe^U SP 

mm^mft&^-rz^tKk^xi&mztiZc mmzhzzoi^ nav 

G^EAVGMLtV^SMttft^ ;YXBt^fy/l 0 4tffii$ 
tb^o ■troip^ilt ^7-ff-^-(D/^X^]^^ti«7)^7— fa^-cDsp^j 

^y-fl 0 6^*5V>Ttt, /^»nybP-7^ SAVG^OL 
^V^H^T-C&S^S^^tSo ^TCDBf^^itHtt, SAVG^H*«-I? 
fo5#^i£ff ATMs #^s«^^(SV^*I^ix 7 7 * V hV^Xf&ott? 
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5 0 Mt-s SltotiS^^ (reflected far end speech) O^ffc^/S^ tt / ^ XH 
^«fS£i^-CL;£ 5 ©SrittftS^ift^, RAVG^»-4 5 d bmO©J; 
5^Bf£oL#vMit j&lTtfc§»l:^fy^l o 6 - £ 

#W £ LV\ ftfc> <9 (Z)^M^*3V^Ttt, KiUffA^-^/Wf #S C n 

(^^•fC (variance) <D^n#^ft^l«fgf0^ (statistical figure ofmerit)/W^X 
tt/ «Y XffiffiCft-^- (speech or noise-dominated signal) &7jkirfr&i>*t: 

6-e*^$ttfc^^«, / XSt n y b n - 7 li^T y ^ 1 0 8 Hl^ ^ 

4-c^*£;h,;fci*$He* (BP*>, i<g _1 ) ±«3iie*Mfi^*3V>T<Sv^ds»*b 
A^J ^ -Y /Ws •§-&: t> ^ T? * V ^ ^ flSfSE § *b"C V ^£ (75 ^T-y-f 

§rH^i-§fc^CO^a^#HISS (arithmetic logic unit) ^riix.fc^.— ©T^^ 
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f*^{fA^m^^mA^m^S{f^tbSi^>'^f l J# (sample rate) £ Jt 

tttM^fl-f ^ h (calculation rate) r. 

<5 0 

T/u-feyiHS, ^WI^flJ^M^^i-S^V^-Cg'J^^^ K^SB^S-n (a subset of t 
he subbands) ^r^af 5 «t 5 fflffifc & *VC V ^ S „ 
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